Research on animal personality explains the coexistence of distinct behavioural phenotypes within a species and demonstrates limits to individual plasticity. However, the mechanisms guiding the lifelong development of personality should receive more attention, because many elements of personality are emergent properties of interactions between the environment and an individual's genetic background. In these interactions, mechanisms (e.g. genetic regulatory networks, epigenetic processes and neuroendocrine regulation) influencing personality may be modified. An approach integrating proximate mechanisms with a view of lifelong personality development will crucially improve understanding stability, plasticity and inter-individual variability of personalities and clarify the effects of selection on the phenomenon.
Introduction
Empirical and theoretical research on animal personalities, i.e. individuals showing consistently different behaviours across contexts and time, has taken up the challenge to explain the coexistence of different behavioural phenotypes within one population and demonstrated limits to individual plasticity [1] . Nevertheless, apparently stable (i.e. repeatable [2] ) personality traits and correlations among these traits were shown to change over ontogeny in response to shifting environmental conditions [3, 4] . Such plasticity is often particularly high during periods called 'sensitive windows' [5] . This raises the question, how the relative stability of individually different personalities can be reconciled with ontogenetic changes in response to experience.
Molecular studies revealed phylogenetically old mechanisms providing plasticity in the development of complex morphological and physiological traits [6, 7] . Such mechanisms are available and influential in a wide taxonomic range of species. Behavioural characters appear to be even more plastic than morphological characters. Thus, principles of evolutionary developmental biology (evo-devo), i.e. use of the same genetic machinery to regulate the production of different phenotypic traits at different stages in ontogeny, may fruitfully be integrated into personality research [8, 9] . We urge researchers to investigate the early development of personality traits and trait changes across the lifetime from the perspective of ontogenetic mechanisms. We highlight the potential for changes and discuss some of the available evidence suggesting that epigenetic and neuroendocrine mechanisms in interaction with the environment may enable lifelong plasticity (figure 1). Influenced by unique, sometimes chance events, such mechanisms lead to the development of relatively stable personality traits that may differ among individuals even with the same genetic background [10, 11] . Developmental history needs to be considered to fully understand emerging personality traits and modifications of underlying & 2018 The Author(s) Published by the Royal Society. All rights reserved.
mechanisms. Ultimately, these mechanisms and their plasticity rather than the traits may respond to selection.
The development of sex shows that stable individual differences can ontogenetically arise in interaction with the environment even with an identical genetic background. In reptiles and fish, sex determination is modulated from strict genetic to environmental, thermal determination [9, 11] . In Drosophila, selection for sex ratio can lead to changes in the sex-determining mechanism, while the sex ratio remains unaltered [12] demonstrating that underlying mechanisms rather than traits may change under selection. This suggests that investigating personality within the framework of developmental mechanisms will provide novel insights in its origin, stability, inter-individual variability and potential lifetime modulation.
The relationship between personality traits and underlying mechanisms
Theoretical models demonstrated that mechanisms underlying alternative behavioural traits in evolutionary games influence the course of evolution and the equilibrium frequencies of strategies, for example, in the extent of cooperation in the iterated Prisoner's dilemma a game that shows why two 'rational' individuals might not cooperate even if that would benefit them. Unexpectedly, the extent of cooperation (i.e. behavioural phenotype frequency) that evolves as well as the dynamics of evolution vary substantially depending on the assumed mechanism [13] . Empirically, evo-devo has provided many examples where the same mechanism produces distinct outcomes depending on environmental conditions [6, 9] . Similarly, different, temporally stable personality structures may emerge on the same genetic background from identical mechanisms when environments and the resulting states of the organisms differ [6, 9] . A bottom-up approach investigating mechanisms that influence stability and plasticity of multiple behavioural traits across an individual's life history is therefore expected to prove fruitful.
Personality traits may change, because mechanisms induce behavioural shifts during ontogeny in response to the environment [3] . For example, much of post-embryonic development is coordinated by hormones produced and controlled by the nervous system. This regulatory network may be reprogrammed through changes in gene expression mediated by neuroendocrine feedback loops that induce alterations in hormone signalling in response to environmental and social cues [14] [15] [16] . Neuroendocrine mechanisms permit high plasticity in the development of behavioural phenotypes [16, 17] , as explained further below. Candidate mechanisms acting individually or in combination are the development of the hypothalamic-pituitary-adrenal (HPA) and hypothalamicpituitary-gonadalaxis, neural self-organization processes and epigenetic mechanisms [16] [17] [18] [19] [20] [21] .
When the state of individuals changes rapidly, e.g. during dispersal, around maturation [15] or metamorphosis [4, 22] , modifications are particularly likely. During such sensitive windows, certain traits may stay consistent while others show major modifications [15, 23] . Thus, ontogeny offers substantial opportunities to modify traits [14, 18, 23] according to relevant updating information, i.e. environmental [5] or internal state-related cues. Indeed, morphological, behavioural and physiological traits can change remarkably fast as shown in a lek breeding fish. After winning or losing a fight the individual's state shifts, followed within minutes by shifts in gene activation and behaviour based on a potent neuroendocrine mechanism [14] . Given the potential for changes of personality traits throughout life it is quite puzzling that personality displays substantial within-individual stability.
Mechanisms inducing a change in state
Mechanisms that change personality during ontogeny may be regulated by gene action. They also interact with each other and the environment, feeding back on the environment (e.g. niche choice) and on gene regulation ( figure 1) . The following examples highlight mechanism diversity and suggest that their properties and plasticity might evolve rapidly [24] in response to selection that targets personality traits.
(a) Epigenetic modification
Epigenetic variation influencing phenotypic traits is co-shaped by genes and environments, adding further complexity to gene Â environment interactions. Differences in epigenetic programming in response to maternal behaviour may emerge early in life and remain stable in adults, leading to long-term consequences on personality traits and fitness [19] . Among other mechanisms, DNA methylation and histone acetylation reversibly mediate diversification of genome function in response to 'experience' [11] . Trauma, ageing, social interactions or maternal effects acting through modifications of the offspring's HPA axis [16, 20] constitute such experiences that may (adaptively) modify personality traits. Such modifications may even be transmitted through the germ line to the next generation [20, 21] . Thus, epigenetic rsbl.royalsocietypublishing.org Biol. Lett. 14: 20170740 variation may provide raw material for phenotypic selection when genetic variation proves limited [11, 25] .
(b) Neuroendocrine cascades
Early social influences can substantially alter the response to stressors in later life. Such developmental plasticity of the brain depends on social influences beginning during intrauterine life. Effects may be mediated through elevated maternal plasma glucocorticoid levels influencing glucocorticoid receptor density in the embryonic amygdala or the timing and level of testosterone surges in male fetuses. After birth, the mother-offspring relationship further influences neuroendocrine interactions that may modify DNA methylation and gene expression [15, 26] . These influences play out against a variable genetic background that is sensitive to environmental influences and may lead to different behavioural phenotypes. Major re-programming is also possible during maturation, when frequency and intensity of social interactions can modulate testosterone secretion and, in turn, the cortisol response controlling aggressive responses to competitors [15] . Such endocrine effects across ontogeny may adaptively shape differences in adult personality [16, 18] .
(c) Personality expression across metamorphosis
Insects and amphibians pass through a reorganization of morphology and physiology during metamorphosis. Surprisingly, few studies examined the repeatability of personality traits across metamorphosis [4, 22] , revealing species-, trait-and sex-specific effects and providing mixed evidence for intraindividual consistency. For an impact of juvenile experience on adult behaviour, the persistence of information through metamorphosis, e.g. via neurons generated in the larva, is a prerequisite [27] . Again, hormonal regulation may be involved, because metamorphosis is mediated by juvenile (insects) or thyroid hormones (amphibians), which play important roles at all life stages. Furthermore, impacts of distinct epigenetic processes in juveniles versus adults may be decisive components in shaping behavioural repeatability over ontogeny and across generations [21] .
What is evolving: traits or underlying mechanisms?
The above examples highlight that what is called the evolution of personality may be better understood in terms of the evolution of the regulation of underlying mechanisms (gene expression and otherwise) that lead to personality trait development. Indeed, hundreds of genes can differ in expression in distinct environments [11, 28] . For many traits, basic neuronal and neuroendocrine circuits are common to most vertebrates [17] and invertebrates [29] . They can be similarly recruited across species for developmental regulation in interaction with both extrinsic and intrinsic events. Investigating endocrine and other molecular mechanisms with wide-ranging effects should explain stability and plasticity of resulting different personalities in a general framework.
Conclusion
Mechanistically, the observed heritability of correlated behavioural traits may restrict the regulation of developmental feedback loops that lead to trait expression in the adult. If so, we need to place more emphasis on studying the evolution of all kinds of mechanisms underlying this heritability. Knowing the evo-devo mechanisms behind stability and plasticity will improve our understanding of personality more than studying the evolution of traits in isolation or the personality of adults as the endpoint of development. As also suggested by theory [13] the latter may be misleading, because it treats traits as the evolving units, which may be inadequate, if traits are emergent properties of underlying mechanisms. The physiological mechanisms are under selection to produce reaction norms that allow flexible adaptation to highly dynamic environments [16, 30] . Therefore, we suggest focusing particularly on developmental mechanisms and periods of plasticity that enable adjustment to different types of ecological challenges. Environmental variability or shifts may, through selection on the phenotype, lead to evolution by modifying the original mechanisms' sensitivity to internal and external cues, establishing an optimal balance of traits and continuing to refine the mechanisms' adaptive plasticity.
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